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Introduction
Fabrication, characterisation and testing of a highly efficient and simple electrochemical cell/batch system, with pyrolysed carbon (Carbon4Bio) as working
electrode is presented. A unique microfabrication technique for 3D carbon microelectrode is also presented.
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Suhith Hemanth, Claudia Caviglia, Letizia Amato, Stephan Sylvest Keller 
Biomaterial Microsystems, DTU Nanotech, DK 2800 Kongens Lyngby
Fabrication of 2D Carbon4Bio chips 
An three electrode electrochemical cell (Carbon4Bio) was
fabricated, with pyrolysed carbon as working and counter
electrodes and Au as pseudo-reference electrodes.
Carbon lead width 
characterisation
Conclusion and Outlook 
• As the width and thickness of pyrolysed carbon increases, the overall resistance decreases and the increases the sensitivity of the C4B chips.
• Microfabrication process flow for 3D microcarbon is established with UV photolithography.
• Fabrication of electrochemical cell with 3D carbon as the working electrode.
Figure 1: Scematic of prolysis process with multi-step carbonization
process taking place during pyrolysis for life science application [1] [2].
Figure 4: Top view of C4B chips: (a)
schematic (b) optical microscopy
images showing WE (Carbon), RE,
passivation layer (SU-8).
(b)
Figure 6: : CV using 10M ferri-ferrocyanide as
redox probe shows that as the width of the
contact lead increases the ΔEp decreases and
the Ip increases. Thickness of carbon electrode
is 624nm .
Carbon thickness 
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Figure 5: Magnitude of impedance and phase angle
of carbon electrode (lead width – 700µm) with
different thickness in PBS. As the thickness of carbon
increases, the overall resistance decreases.
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Figure 3: Process flow for Carbon4Bio(C4B)
chips (a) photolithography pattering (b)
pyrolysis and pseudo reference electrode (RE)
in Au defined via ebeam evaporation through
a shadow mask .
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Fabrication of 3D microelectrodes 3D SU-8 process 
optimization
3D carbon microelectodes
Figure 7: Process flow for 3D multi-layered microelectrode (a)
complete UV exposure (147 mJ cm-2 ) (b) partial UV exposure (28 mJ
cm-2 ) (c) Development in PGMEA (d) Pyrolysis at 900 ºC for 1h (e)
repeating steps a and b sequencally results in 3D structures
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Figure 8: Optimization of partial UV
photolithography with difference exposure
dose: (a) 21 mJ cm-2 ; (b) 28 mJ cm-2 ; (c) 35
mJ cm-2 ; (d) 42 mJ cm-2 (Scale bar – 20µm) .
Pyrolysis
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Figure 9: (a) SU-8 template and carbon microstructures; (b) smallest feature size
of 4µm (c) two layer carbon microstructures (Scale bar – 20µm) .
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